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Abstract 
Technical focus of the research is a discrete throttle valve (DTV) and gas pipeline. An extensive research of vibration and 
acoustic characteristics of the main pipeline of a gas distribution station was carried out. The acoustic noise power level radiated 
by the main gas pipeline and it's comparison with the strength criterion were made. The levels of vibration acceleration in 
different parts of the main gas pipeline were measured. On the basis of experimental data the possible causes of the acoustic-
induced vibration are described, and measures for reducing vibration loading of a gas pipeline were proposed. 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Here failures of piping in the hydrocarbon industry represent a potential for catastrophic accidents in terms of 
both lost lives and money. According to RTN 30% of the piping failures at gas distribution station are due to piping 
vibration and fatigue failures [1]. Vibration in pipe manifolds often reaches significant values, causing safety and 
security deteriorations. Combined levels of noise and vibration often exceed not only hygienic standards, but also 
lead to gradual destruction and damage of the gas distribution station (GDS) building elements, pipelines, impulsive 
construction elements, auxiliary equipment [2].  
Another negative factor is the considerable age of existing pipelines [3]. 
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2. Review of works on the topic of research 
Fluctuations in the medium can be propagated with a fluid flow speed and with the speed of sound. In the first 
case, it is called " pseudosound", which describes the disturbance that are not propagated over long distances. In the 
second case, the propagated vibrations are acoustic waves that generate vibrations in the construction. This was the 
basis for the introduction of the concept of "acoustic-induced vibration (AIV)". Previous studies of pipeline systems 
operation have shown that the source of pipeline vibrations are forced vibrations arising from the flow pulsations of 
the working fluid, pressures, and due to mechanical impact on the structure [4, 5]. 
In the 1980s, Carucci and Mueller (C-M) investigated failures of thin-walled piping. A series of experiments was 
carried out, in which 9 cases of damage to the piping were recorded. No damages were recorded in 27 other cases 
[5]. 
The sound power level Lw inside the pipeline is calculated by the formula (1) which is derived in [6]: 
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where: 
Lw = sound power level in dB 
M = mass flow rate in kg/sec 
P1 = upstream pressure in kPa absolute 
P2 = downstream pressure in kPa absolute 
T = temperature in Kelvin 
W = molecular weight 
K = zero for nonsonic flow and +6 for sonic flow conditions 
The company Togliatti LPU MG measured the vibration and acoustic characteristics of the main pipeline at the 
gas distribution station № 19A. Measurements of high-frequency vibration of the working pipes were carried out in 
an area with a high level of acoustic noise: behind the valves and on the general collectors of the first stage of 
reduction. According to [7], the limits of the high frequency range were set: 200-2000GHz. The maximum 
amplitudes of vibration are in the ranges of 600-800Hz and 1200-1500Hz. Fig. 1 shows the relationship between the 
gas flow and the set operation mode while the value of vibration velocity displayed in Fig. 2. 
 
Fig. 1. The relationship between the gas flow and the operation mode 
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Fig. 2. The value of vibration velocity of the DTV pipes at the established operation modes. 
3. Theoretical Research 
In accordance with the obtained data from Togliatti LPUMG high frequency vibration was determined at the 
pipes of the discrete throttle valve (DTV) of the GDS №19A caused by inhomogeneities of the gas flow at high flow 
rates. Table 1 shows the parameters of the operating modes of the DTV. 
Table 1. Characteristics of three modes. 
The mode of operation 
1 2 3 
Pipeline Characteristic 
5 
Pin kPa 32 31,27 32,14 
Рout kPa 11,5 11,3 11,25 
Q volume flow rate∙103 м³/h 290 77 0 
% openning 71,2 19 0 
6 
Pin kPa 31,8 31,75 31,9 
Рout kPa 11,5 11,4 11,3 
Q volume flow rate∙103 м³/h 0 214 286,4 
% openning 0 50 66,7 
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Fig. 3. Calculated values of the acoustic power level at GDS №19A Togliatti LPUMG 
The obtained values for the internal sound power level of the main gas pipeline with a diameter of 700 mm (27.5 
inches) at GDS №19A Togliatti LPUMG are above the curve of the criteria proposed by Carucci and Muller (see 
Fig.1) in all modes of operation of the DTV. 
4. Experimental studies 
The vibration and acoustic characteristics of the main pipeline were measured at the gas distribution station 
№19A Togliatti LPU MG. The reason for inspection was an increased vibration of the control lines of the  first stage 
of reduction, which leads to the destruction of the pulse tube after 1 minute of operation. The measurements were 
carried out in three modes of discrete valve throttle operation. The main parameters of the operation modes are listed 
in Table 1. 
Measurements were carried out at 9 points of the main pipeline: in a reduction block, at the pipes exiting the 
discrete choke valve, at the outer pipes in vertical and horizontal directions. During the measurements, it was found 
out that the highest values of vibrations correspond to points 1-5. 
Vibration measurements were carried out using a multichannel EKOFIZIKA meter. In our case, was used a three 
component sensor which comprises three mutually orthogonal sensing elements and simultaneously measure all 
three components of acceleration. 
 
Fig. 4. Vibrational acceleration (reference level is 10-6 m/s2) of the pipe №5 at the operation mode №1 versus frequency. 
150
155
160
165
170
175
180
185
190
195
200
205
210
10 15 20 25 30 35 40
L
w
, d
B
D, inch
C-M criteria
Operation mode №1 (pipeline №5)
Operation mode №2 (pipeline №5)
Operation mode №2 (pipeline №6)
Operation mode №3 (pipeline №6)
100
120
140
160
180
200
220
240
260
0,
8 1
1,
25 1,
6 2
2,
6
3,
15 4 5 6,
3 8 10
12
,5 16 20 25
31
,5 40 50 63 80 10
0
12
5
16
0
L
, d
B
f, Hz
point 1, Lэкв=248,8 dB
point. 2, Lэкв=258,11 dB
point 3, Lэкв=255,36 dB
point 4, Lэкв=254,25 dB
point 5, Lэкв=247,78 dB
320   Luiza F. Musaakhunova et al. /  Procedia Engineering  106 ( 2015 )  316 – 324 
 
Fig. 5. Vibrational acceleration (reference level is 10-6 m/s2) of the pipe №5 at the operation mode №2 versus frequency. 
From the graphs (see Fig. 4 and 5) we can conclude that: the highest values of the logarithmic level of 
acceleration correspond to measurements made in the area of the pipeline located behind the ball valve with 
pneumohydrodrive; vibration on the pipeline №5 increases with an increment of flow rate through the DTV of the 
pipeline №6, the probable cause of the increased vortex formation is the mixing the two pipelines flows. 
 
 
Fig. 6. Vibrational acceleration (reference level is 10-6 m/s2) of the pipe №6 at the operation mode №2 versus frequency. 
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Fig. 7. Vibrational acceleration (reference level is 10-6 m/s2) of the pipe №6 at the operation mode №3 versus frequency. 
From the graphs (see Fig. 6 and 7), it is seen that at the operation mode №2 the logarithmic level of acceleration 
at the points of the outer pipeline in the high frequency range is 20 dB lower than in operation mode №3. The 
highest values of the logarithmic level of acceleration correspond to points located on the line, which is located 
behind the ball valve with pneumohydrodrive. The relationship between high frequency vibrations and the operation 
modes of pipelines is also easily noticeable.  
The vibration of the pipeline of the DTV №6 is higher than the vibration of the pipeline of the DTV №5, which is 
similar in performance. Significant difference in the technical state of pipeline elements is the reason for this. 
Measurements of the acoustic noise were conducted with an OKTAVA-110A precision sound level meter. This 
device meets the class 1 accuracy requirements in accordance to the GOST 17168 and IEC 61260. Obviously, 
expressed dominant spectral components are present at points 1 and 4. The obtained values of the sound pressure 
levels and noise levels at selected points in the established modes are shown in Fig.8 - 11. 
 
 
Fig. 8. Noise level versus frequency at the operation mode №1, pipeline №5 
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Fig. 9. Noise level versus frequency at the operation mode №2, pipeline №5 
 
Fig. 10. Noise level versus frequency at the operation mode №2, pipeline №6 
 
Fig. 11. Noise level versus frequency at the operation mode №3, pipeline №6 
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Fig. 12. Point № 1 in all operation modes 
Discrete components in the spectrum of the sound pressure levels at the pipeline №5 in operation modes №1 and 
№2 as seen from the graphs are nonexistent. The highest noise levels occur at the points located near the discrete 
throttle valve. 
According to the results, we can conclude that the maximum noise level occurs at a frequency of 500 Hz in both 
operation modes of pipeline №1(see Fig. 12). 
Noise levels in the premises of the GDS during transportation of natural gas through the pipes exceed the limit in 
almost all technological modes of gas supply. In this regard, it is necessary to reduce both the noise level and 
vibration, for solving this problem pulsation silencer was used to convert the original stream into a set of small jets 
and decomposing large-scale turbulence[8,9]. 
5. Conclusion 
The analysis of the results of the noise levels study around the main source of vibration and noise confirmed that 
the destruction of control line is caused by the impact of acoustically-induced vibrations. The main cause of these 
vibrations most probably the technical problems associated with the operation of the discrete throttle valve. Various 
methods can be used to reduce the noise in the production areas as an example, noise reduction at the source of its 
occurrence; sound absorption and sound insulation; installation of silencers; rational arrangement of the equipment; 
the usage of personal protective equipment. The most effective method is noise control at source, but its 
disadvantage is that it is accompanied by different difficulties during realization. The other method is more 
prevalent and it consists of the following  to reduce noise at the propagation path through the installation of silencers 
what was actually done to solve this problem.  
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